Acute haemorrhagic leucoencephalitis (AHL) and post-infectious perivenous encephalitis (PVE) associated with childhood mumps, measles, chickenpox, and vaccination are important diseases of the central nervous system for two reasons. First, encephalitis and PVE associated with these illnesses are numerically important.
Acute haemorrhagic leucoencephalitis (AHL) and post-infectious perivenous encephalitis (PVE) associated with childhood mumps, measles, chickenpox, and vaccination are important diseases of the central nervous system for two reasons. First, encephalitis and PVE associated with these illnesses are numerically important.
They account for over 15% of childhood cases of encephalitis reported annually in the United States (Polk, 1971) . Second, PVE and AHL both closely resemble experimental allergic encephalitis (EAE), which is considered to be an excellent model for the study of presumed immunological disease of the central nervous system (Levine, 1971) . Thus, if EAE is to be an experimental model of PVE and AHL, then the pathology of both these diseases should be clear. Although the pathology of AHL has been well defined in the past (Hurst, 1941; Adams et al., 1949) , PVE has generally been considered to be a demyelinating disease (Greenfield and Norman, 1963 ; , and this categorization has masked appreciation of the actual diverse micropathological findings associated with the (Accepted 22 January 1975.) disease. With the exception of the treatise by Carpenter and Lampert (1972) , there are no recent descriptions of the variable pathology of PVE which must be accounted for by any causal theory of AHL and PVE. For General necropsy findings in two cases showed fatty changes of the liver. Perivascular microhaemorrhages associated with a neutrophilic infiltrate were present in the kidney in one case, and the spleen of an additional case showed hyperplastic germinal centres.
DISCUSSION
Acute haemorrhagic leucoencephalitis appears to be a fairly distinct pathological entity. Patients succumbing to this disease usually experience the sudden onset of severe headache with rapid progression of neurological symptoms to coma and death. The pathological picture of intense vasculitis with perivascular necrosis and haemorrhages, fibrin exudate, and neutrophilic infiltration has been well-documented previously (Hurst, 1941; Adams et al., 1949) . However, diagnosis is difficult in small surgical biopsy specimens because many diseases can produce similar changes in blood vessels. The focal distribution of the lesions in the white matter and the exclusion of other causes are important features of this disease.
In contrast, post-infectious perivenous encephalitis is not nearly so well defined in its pathological presentation; although all the cases of PVE have the common denominator of an underlying viral disease or vaccination, the clinical presentation and the pathological manifestations vary considerably.
The prominent histopathological features of PVE are (1) lymphocytic infiltration of meninges and perivascular spaces, (2) perivascular infiltrates which may be either single or mixed cell types, (3) conspicuous perivascular demyelination in some cases but not in others, (4) perivascular necrosis, (5) vasculitis, and (6) glial nodules of grey matter. These features are ubiquitous in their distribution and at least three of these six features are found in most cases in variable proportions. With one exception, no single microscopic finding appears to be more closely associated with one underlying disease than with the other, the one exception being the observation that the predominant pathology of the four rubella cases was lymphocytic infiltration of meninges and perivascular spaces in all four with minimal demyelination in two cases, indicating a less severe brain involvement in this disease.
In general, perivascular and meningeal lymphocytic infiltration would be compatible with either an allergic response of the brain to virus or direct invasion of the CSF by virus (aseptic meningitis).
The presence of glial nodules (Babes' nodes) is the strongest morphological evidence that there 589 group.bmj.com on October 21, 2017 -Published by http://jnnp.bmj.com/ Downloaded from may be an actual viral encephalitis. It is noteworthy that of the four cases showing glial nodules, two were cases of rubeola and two of mumps. Rubeola virus has been cultured from the CSF on one previous occasion (Shaffer et al., 1942) and rubeola antigen has been demonstrated in the brain ofa patient dying ofPVE (ter Meulen et al., 1973) . Mumps virus is presumed directly to invade the CNS of humans (Levitt et al., 1970) and is known to attack the CNS in a specific manner experimentally (Margolis et al., 1974) .
Demyelinated zones surrounding vessels were present to some degree in six cases while six others showed actual necrosis which was invariably associated with a polymorphic inflammatory infiltrate. Demyelination with axonal sparing was only rarely encountered in the absence of an inflammatory infiltration. Both of these lesions were often seen in the same brain. Other than the demyelination noted in the two rubella cases, the findings of necrosis and demyelination did not correlate with the type of disease pattern, or other lesions, or duration of time from onset of CNS symptoms to death. However, necrosis was more advanced in those patients who had survived the longest. Perivascular demyelination and necrosis both suggest strongly that the damaging agent emanated from the vessels. Pure demyelination might be caused by hypersensitivity to myelin basic protein but could also be caused by hypoxia, viral invasion of oligodendrocytes (Lampert et al., 1973) , or by any agent which was toxic to oligodendrocytes. It is noteworthy that Lisak et al. (1974) have recently demonstrated cell-mediated immunity to myelin basic protein in acute disseminated encephalomyelitis after non-specific viral illness. Necrosis associated with inflammatory infiltration suggests vascular release of either a toxin or a plethora of antibodies capable of reacting with numerous components of the brain parenchyma. The latter possibility would be favoured by the similarity of this finding to experimental allergic encephalomyelitis (EAE) where crude heterologous or homologous antigen is used (homogenized brain) (Ferraro and Roizin, 1954) and on the basis of temporal relationship to the initial disease. On this reasoning, we postulate that demyelination occurs primarily in those cases where the antibodies are primarily directed against myelin and that necrosis occurs when there is production of antibodies directed against several components of the central nervous system. Also noteworthy was the presence of plasma cells in the perivascular infiltrate in ten cases, suggesting a humoral antibody component to the disease process. In EAE produced by a purified encephalitogen, humoral antibody will not cause demyelination (Seil et al., 1968) but the situation may be very different in human disease where numerous antibodies may be released, some perhaps as an epiphenomenon after tissue destruction.
In the seven cases which showed vasculitis, vessel wall necrosis, and fibrin-like exudates, it is quite possible that additional antibody factors were directed against the vessel wall. The latter cases approached the pathology of AHL and three of them were microscopically indistinguishable from AHL with the exception that perivascular haemorrhages were rare. Two of these were cases of measles and one was a case of mumps. All three patients died within 24 hours of the onset of CNS symptoms. This link between AHL and PVE was first suggested by Russell (1955) (Ferraro and Roizin, 1954) . The presence of glial nodules suggests that viral invasion of brain parenchyma may occur in some cases. On the basis of this present information and data garnered from severe EAE models, we would suggest that PVE is a hypersensitivity disease and that the pathology of PVE varies qualitatively and quantitatively with the antibody response of the host. In other words, pure lymphocytic infiltration and demyelination suggest a limited antibody response; vasculitis and parenchymal destruction imply production of heterogeneous antibodies directed against numerous tissue components of the central nervous system. In keeping with this theory is the experimental observation that EAE elicited with basic protein displays a fairly simple pathological picture predominantly consisting of perivascular lymphocytic infiltration and demyelination , whereas EAE elicited with crude brain homogenate shows more varied microscopic pathology (Ferraro and Roizin, 1954) 
